ABSTRACT Insulins from the hystricomorphs (guinea pig, porcupine, coypu, and casiragua) at high concentration stimulate DNA synthesis in human fibroblasts to a greater level than other mammalian, insulins or insulin-like growth factors (IGFs). '251-Labeled. guinea pig insulin binds to a specific receptor and this binding is competed for by hystricomorph insulins but not by porcine insulin or IGFs. Fetal bovine serum also inhibits the binding of '5I-labeled guinea pig insulin and is more potent thanfetal bovine plasma, in concordance with their relative potencies for growth stimulation in human fibroblasts. Of several other known growth factors tested, only platelet-derived growth factor (PDGF) inhibits binding of '2I5-labeled guinea pig insulin; Four preparations of PDGF that vary in purity and potency for the stimulation of DNA synthesis in human fibroblasts over a 1,000-fold range compete with bindingof'25I-labeled guinea pig insulin in proportion to their biological potencies. The purest preparation of PDGF is able' to inhibit binding of 251I-labeled guinea pig insulin by 50% at 15 ng/ml (0.25 nM). Biologically, guinea pig insulin, like PDGF, exhibits a synergisticeffect with plasma in initiating DNA synthesis in human fibroblasts; this effect is not observed with other mammalian.insulins or IGFs. Thus, hystricomorph insulins appear to be mediating their growth-promoting effect through a different receptor and mechanism than other mammalian insulins or IGFs. Further, hystricomorph insulins may be sharing the mechanism of action for their growth effects with PDGF, perhaps suggesting some relationship between, these peptides from very different sources.
Insulin and insulin-like growthfactors (IGFs) have a similar range of biological activities, which can be separated into metabolic and growth-promoting effects (1) (2) (3) . In our previous investigations to determine the ability of various insulins and IGFs to stimulate DNA synthesis in human fibroblasts, we found that most of the insulins and all of the IGFs tested reached the same maximum even though they varied in potency (3, 4) . The only exceptions were insulins from hystricomorphs (guinea pig, casiragua, coypu, and porcupine), which were able to stimulate DNA synthesis to a greater maximum than other mammalian insulin and IGFs (4) . By contrast, the insulins of the hystricomorphs reach the same maximum as other mammalian insulins in metabolic assays, although they have only 1-5% of the potency of porcine insulin (4) (5) (6) , probably due to large numbers of alterations in their primary amino acid sequences (6, 7) .
In the present paper, we have characterized the growth-promoting effect of insulins from the hystricomorphs and showed that human fibroblasts have a distinct insulin receptor for hystricomorph insulins that is not recognized by other mammalian insulins. In addition, a growth factor of different origin and structure, namely platelet-derived growth factor (PDGF) (8) (9) (10) (11) (12) , appears to show a similar mechanism for-the promotion of growth and share a receptor with the insulins of the hystricomorph.
MATERIALS AND METHODS
Polypeptide Hormones. Insulins of guinea pig, coypu, casiragua, porcupine, and pig of greater than 95% purity were the gifts of C. Yip, R. Horuk, and W. J. Nevell or purchased from Elanco (Indianapolis, IN). Purified IGFs I and II (IGF-I and IGF-II) and multiplication-stimulating activity (MSA) were the generous gift of R. E. Humbel and M. M. Rechler. PDGF was purified as described to >90% purity [PDGF (A)] and to >25% purity [PDGF (B)] (13). Crude PDGF preparations [PDGF (CR-C) and PDGF (CR-D)], transferrin, nerve growth factor (NGF), and epidermal growth factor (EGF) were purchased from Collaborative Research (Waltham, MA).
Other Materials. Fetal bovine plasma (platelet-poor) was a gift of Ira Pastan. Fetal bovine serum was purchased from Flow Laboratories. Human platelet-poor plasma and serum were prepared from freshly drawn blood of normal volunteers as described (8, 9) .
Guinea pig insulin was iodinated by a modified chloramine-T method at specific activities of 80-100 ,Ci/gg (1 Ci = 3.7
x 1010 Bq) (14, 15) . 125I-Labeled guinea pig insulin (1251-insulin)
eluted from the column is greater than 98% by precipitable talc and is greater than 90% immunoprecipitable by rabbit antibody to guinea pig insulin. Guinea Pig Insulin Binding to Human Fibroblasts. Human fibroblasts derived from forearm biopsies were grown as described (4) . Cells in suspension were prepared as described except that guinea pig '251-insulin (150 ng/ml) binding was determined at pH 7.2 for 1 hr at 15'C (3, 4).
[3H]Thymidine Incorporation into DNA. Confluent cultures of human fibroblasts were prepared and measured as described (16, 17) .
Labeling, of Nuclei -with [3H]Thymidine and Autoradiography. Human fibroblasts were seeded to 30% of confluency and were maintained for3-5 days in serum-free medium. Polypeptide hormones and proteins were added for 20 hr, followed by [3H]thymidine (New England Nuclear) for 24 hr. The procedure for fixing and developing has been described (17) . produce an additive growth effect. In contrast, when guinea pig insulin at 50 ug/ml was added with either porcine insulin or MSA, their growth-promoting effects were additive and comparable to the potency of 10% fetal calf serum, suggesting that guinea pig insulin was mediating its growth effect through a pathway different than that of other mammalian insulins and
RESULTS

Effects
IGFs. The effect of guinea pig insulin was very similar to a growth factor of different origin, namely, PDGF (Fig. 3) guinea pig 125I-insulin from human fibroblasts (Fig. 5) . Both human and fetal bovine serum, over a concentration range of 0.5-20%, inhibited binding of guinea pig 125I-insulin. Human and fetal bovine plasma were only about 5% as potent as their respective sera, consistent with their biological effects on DNA synthesis and cell growth. When porcine 125I-insulin was used as a tracer, no difference was observed in potency between plasma and serum for competition of binding. The striking effect of serum in inhibiting guinea pig 12I-insulin binding prompted us to test a variety of known growth factors. Of these, only partially purified PDGF [PDGF (CR-C)] was able to inhibit guinea pig insulin binding. IGF-I, MSA, transferrin, fibroblast growth factor (FGF), EGF, and NGF were without effect (Fig. 6) .
Four preparations of PDGF that differ in purity and biological potency competed with guinea pig 1"I-insulin binding in concordance with their purities and potencies for stimulation of DNA synthesis (Fig. 7) . Pure PDGF [PDGF (A)] was able to displace 50% of the bound guinea pig 125I-insulin at a concentration of 8 ng/ml. This was about 10-fold more potent than the partially pure PDGF (B), about 1,000-and 20,000-fold more potent than PDGF (CR-C) and PDGF (CR-D), respectively, and about 100-fold more than guinea pig insulin itself. Qualitatively, similar results were obtained whether the binding was performed at 15TC or 4TC. 
DISCUSSION
Insulins from the hystricomorphs such as guinea pig, coypu, casiragua, and porcupine deviate from other mammalian and rodent insulins both in molecular structure and biological potency (4-7). The hystricomorph insulins are less than 5% as potent as porcine or human insulin in their metabolic activity. We previously showed that insulins of the hystricomorphs differ from other mammalian insulins and IGFs in that they are superagonists with respect to growth-promoting effects (4). We have extended our previous observation and have elucidated some of the mechanisms of this potent growth effect. These data suggest that separate receptors and mechanisms are responsible for the growth-promoting effects of hystricomorph insulins and other mammalian insulins and IGFs. Further, the receptor and the mechanism of involvement of hystricomorph insulin appear to be similar to those of PDGF.
The results indicated that PDGF and guinea pig insulin may be sharing the same receptor and mechanism for growth promotion effects in human fibroblasts. First, the finding of a lowaffinity but high-specificity receptor for guinea pig insulin on human fibroblasts suggested that this receptor may be interacting with another growth factor at higher affinity. Second, both guinea pig insulin and PDGF are able to stimulate DNA synthesis to a greater extent than insulin or the IGFs, and both interact with platelet-poor plasma in a synergistic fashion. Third, serum is more potent than platelet-poor plasma for inhibition of binding of guinea pig 1251-insulin, consistent with the relative concentrations of PDGF in serum and plasma. Fourth, the biological potencies of various PDGF preparations were congruent with their ability to inhibit guinea pig insulin binding. Others have shown that PDGF can influence receptors of other hormones such as EGF (18, 19) , somatomedin C (20) , and follicle-stimulating hormone (21) by indirect effects. Because PDGF was able to compete for binding of guinea pig 125I-insulin without preincubation and even at 4TC, this suggests that PDGF and guinea pig insulin are interacting at the membrane level in a process that does not require metabolic modification of the cell or its receptor.
PDGF is very different from insulin, having a molecular weight of about 30,000 (10) (11) (12) 22) . Similar to insulin, PDGF is composed of two polypeptide chains linked by disulfide bonds (23) and is inactive after reduction into two separate chains. It is possible that PDGF contains an insulin-like core, or that during the binding of PDGF to the receptor its molecular conformation or structure is modified to a configuration similar to that of guinea pig insulin. Although chemically dissimilar substances can compete for the same receptor, for example endorphins and opiates (24) , the fact that PDGF can bind to the same receptor as guinea pig insulin would suggest that some molecular similarity between these two polypeptides of very different molecular weight may exist.
If future data on the sequence and the three-dimensional structure demonstrate significant homology between PDGF and hystricomorph insulin, it could provide a clue as to the evolutionary origin of hystricomorph insulin. For example, the hystricomorph insulins could have evolved from an early gene duplication event that also led to development of the gene for PDGF. This would provide an explanation for the large number of amino acid differences between hystricomorph insulins and other mammalian insulins and explain some of the similarity in biological properties that we have observed here.
